Liverworts are rich sources of biologically active substances. Recent topics relating to the chemical constituents found in several Japanese and New Zealand liverworts and their biological activity and chemosystematics are discussed.
The bryophytes are taxonomically placed between the algae and the pteridophytes and more than 20,000 species are known in the world. They are divided morphologically into three phyla, Marchantiophyta (liverworts 6000 species), Bryophyta (mosses 14,000 species) and Anthocerophyta (hornworts 300 sepcies) [1] [2] [3] . Morphological classification of the liverworts is extremely difficult and thus an investigation of their secondary metabolites is invaluable in assigning species [4] [5] [6] [7] [8] .
Among the bryophytes species, the chemical constituents of liverworts have been studied in most detail because liverworts contain cellular oil bodies which are composed of lipophilic terpenoids and aromatic compounds. On the other hand, the other two classes do not contain such oil bodies. It is known that 80% of the bryophytes contain bitter substances, some species present a surprising hot taste and the others cause potent allergenic contact dermatitis. At present more than 500 terpenoids and aromatic compounds have been isolated from or detected in liverworts and their structures determined [4, 6, 8] . A number of the isolated compounds possess interesting biological activity such as antimicrobial and antifungal, cytotoxicity, anti-HIV-1 and DNA polymerase inhibitory activity, piscicidal, insect antifeedant and nematocidal activity, superoxide anion radical release inhibitory, and muscle relaxing activity etc. [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Japan and New Zealand are geographically located in the same latitude of the northern and southern hemispheres and both countries are rich of liverworts, however, their endemic species in New Zealand is more abundant than that in Japan. It is interesting to compare the chemical constituents of the same and the totally different genera of the liverwort species found in both countries. In this communication, the isolation and detection of terpenoids and aromatic compounds of several selected Japanese and New Zealand liverworts, their biological activity and chemosystematics of Balantiopsis, Conocephalum, Frullania, Dendromastigophora, Plagiochila and Reboulia species are discussed.
All of the liverworts studies were air-dried in the room and ground mechanically, and then extracted with diethyl ether. A small amount of each crude extract was analyzed by TLC and GC/MS to detect the major constituents and volatile components. The remaining extracts were further chromatographed on silica gel and/or Sephadex LH-20 and each fraction was purified by preparative HPLC. The structures of each isolated compound were characterized by a combination of chemical reaction and spectroscopic Bazzania tricrenata (Lepidoziaceae): Previously the presence of barbatane, calamenane, cuparane, drimane and chamigrane-type sesquiterpenoids in B. tricrenata have been reported [4] . 
HO

Cl
The same species were collected in the different locality and fractionation of the crude extract gave calamenane (4, 5), drimane (6), bicyclogermacrane (7) and cuparane sesquiterpenoids (8) which have been recorded in the same species. Additionally, tenuiorin (9), a depside, which is the characteristic component of lichen [19] was isolated. This is the first isolation of lichen substance from the Lepidoziaceae. Furthermore, it contained three chlorinated bis-bibenzyls, C 28 H 16 (12) as the new components. Only the structure of 11 was characterized.
B. tricrenata is closely related chemically to B. trilobata since the latter species elaborates the similar chlorinated bis-bibenzyls [20] . the research for agents that increases HDLproduction, we found that riccardin C (13) functions as a liver X receptor (LXR)α agonist and an (LXR)β antagonist. Riccardin C increases plasma HDL level without elevating triglyceride level in mice. This compound also enhances cholesterol efflux from THP-1 cells [22] . From 1.25kg of the dried B. pusila 1g of riccardin C (13) was obtained as a pure state.
Conocephalum conicum and C. japonicum (Conocephalaceae): In Japan, there are two Conocephalum species, C. conicum and C. japonicum. The chemical constituents of both species are very distinct each other. The former produces mainly monoterpenoids and the latter contains sesquiterpene lactones, costunolide (19) and its dihydro derivative (20) as major components. For a long time, it has been believed that there is only one C. conicum species in Japan. However the chemical analysis of volatile components of 400 population of Japanese C. conicum confirmed that there are three chemically different species: 1) β-sabinene-type, 2) bornyl acetate-type and 3) methyl cinnamate-type [23] . The first type is widely distributed in Japan, the second type mainly in coastal place and the third type is restrictedly distributed in mountains.
On the basis of the fact that the third type is apparently different morphologically from two other types and the chemical profile of type III is totally distinct from type I and II, we propose that C. conicum (Type 3) might be classified as a variety or into independent genus. Later, the botanists independently reported that there are three types of C. conicum in Japan from morphological distinction among three Japanese species, however, the taxonomical position of those three types have not yet clarified [24] . Further fractionation of the ether extract of C. japonicum gave a new humulane sesquiterpenoid, 1,6-humuladien-10-ol (21), (4S,7R-germacra-1(10)E,5E-dien-11-ol (22) , three hopane triterpenoids, diplopterol (23), α-zeolin (24), hop-22,23-diol (25) which have not been detected in C. conicum.
Previously, we reported that C. conicum contained germacranolides [25] , however, this was not true because of the absence of these lactones in C. conicum collected in more than 20 locations. C. conicum often grows with Wiesnerlla denudata (see later) belonging to the Conocephalaceae which is closely related morphologically to C. conicum. Thus it was possible that the previously collected C. conicum intermingled with W. denudata which biosynthesized a large amount of guaianolides (see later). C. japonicum is more closely related to W. denudata since both species produce germacranolides (19, 20) and the latter species is more evolved than the former species since W. denudate produces guaianolides which were biosynthesized from germacranolides. We propose that both species might originate from the same ancestor. Jackiella javanica (Adelantaceae): The species is widespread in South-east Asia, Taiwan and southern Japan, in particular, in Yaku Island. Previously, we reported the presence of ent-verticillane diterpenoids (29) (30) (31) (32) (33) in the title liverwort [26] . We reinvestigated the same species and isolated the additional new ent-verticillanes (34-36) and two new sesquiterpenoids (38, 39) and three known entkaurenes [27] . (48, 49) , in the former species [4, [6] [7] [8] and 48 in the latter one. P. endiviifolia also produces non-pungent sacculatane related lactones [6] [7] [8] . Compound 48 showed strong piscicidal activity and cytotoxicity against several cancer cell lines such as Lu-1, KB, KB-V, LNCaP and ZR-75-1 at a concentration of 2.7-5.7 μM. Compound 48 showed antimicrobial activity (IC 50 8μg/ml) against Streptococcus mutans (dental caries) and anti-HIV 1 activity (IC 50 68.8 μg/ml) [16, 29] . Isosacculatal (50) , an epimer at C-9 of 48 isolated from P. endiviifolia showed neither hot taste nor piscicidal activity. P. neesiana newly collected in Gifu prefecture produced α-gurjunene (51), bicyclogermacrene, calamenene (52) and γ-cadinene (53) . It also elaborated entkaurene, ent-spathulenol which is the artifact from bicyclogermacrene [30] , and perrottetin E (46) and its methyl ether (47) which were also isolated from P. endiviifolia [6] . Plagiochila ovalifolia (Plagiochilaceae): A number of species assigned to the genus Plagiochila is more than 1600 in the world, 62 of which have chemically been studied [4, [6] [7] [8] . Plagiochila species are briefly divided into pungent and non-pungent group and furthermore, ten chemo-types [6, 8] . The presence of 2,3-secoaromadendrane hemiacetal with an epoxide is mainly responsible for the hot tasting of the former group. P. ovalifolia belongs to the hot-tasting group.
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It is known that the species contains strongly cytotoxic 2,3-secoaromadendrane hemiacetals named plagiochilines with a long chain alkyl group [8] . The same species collected in Odaigahara, Nara prefecture was reinvestigated to newly isolate a gorgonane sesquiterpene peroxide (54), together with 2α-hydroxy-3α,14-diacetoxybicyclogermacrene (55), a labdane diterpenoid (56) , globulol (57) [31] . The present species is chemically identical to that collected in the same locality before 20 years, except for the two newly isolated compounds (73, 74).
Radula perrottetii and
Radula brunnea (Radulaceae): In Japan there are about 60 species of Radula. The Radula species are very peculiar since they produce a large amount of prenyl bibenzyls which are valuable chemical indicator of this genus [4, [6] [7] [8] . R. perrottetii collected in the different locality from that of the previously studied was reinvestigated chemically to obtain perrottetin A (75), perrottetin methyl ester (76) and bibenzylcannabinoid, perrottetinene (77) all of which were known compounds in R. perrottetii [6] . R. brunnea was newly analyzed chemically to afford 3,5-dihydroxy-2-(3-methyl-2-butenyl)bibenzyl (78) along with marchantin C (84), and two ent-chamigrenes (85, 86) [32] . Thus the present species belongs to the second chemo-type, cyclomyltaylane-bis-bibenzyl in R. hemisphaerica. The species is chemically quite similar to the Taiwanese same species.
Wiesnerella denudata (Conocephalaceae): Wiesnerella denudata is a rich source of germacranolide and guaianolides [8, 33, 34] . It elaborates elegant aroma when it is crushed. The quality of this scent is more excellent than that of C. conicum. GC-MS analysis of the crude extract indicated the presence (+)-bornyl acetate as the major constituent and limonene, αand γ-terpinenes, α-terpineol, borneol and 1-octen-3-yl acetate (87). The extract was further fractionated to give 1-octen-3-yl acetate, dehydrocostus lactone (88), 8β-acetoxycostuslactone (89), together with the former isolated guaianolides, zaluzanins (90-92). 
Ubiquitous chemical constituents of Japanese liverworts and chiroptical characteristics
The most predominant liverwort constituent is ent-bicyclogermacrene (67). Next, β-barbatene (60) and (-)-1-octen-3-yl acetate (87) are abundant. The latter ester is strongly responsible for the mushroom odor of many liverworts. It is noteworthy that most of terpenoids found in liverworts are the enantiomers of those found in higher plants. Much more interesting chemical phenomenon is that the different species of the same genus, for example, Frullania tamarisci subsp. tamarisci and F. dilatata produce both enantiomers. Some liverworts also produce both (+)-and (-)-mono-, sequi-and diterpenoids. The other characteristics of secondary metabolites in liverworts are the presence of unstable sesqui-and diterpene aldehydes and hemiacetals, and in particular, cyclic and acyclic bis-bibenzyls [6, 35] . The chloroform solution of 93 was stocked for a few days in day light at room temperature, gave an unknown dimer (M + 878). When marchantin D (94) which was obtained from the same species as mentioned above, was dissolved in methanol and allowed to stand for one day, the spot of 94 disappeared on TLC step by step and marchantin E (95) was then obtained. The methanol solution of 94 was chromatographed on CN lobor column using 20% n-hexane/methylene chloride to give marchantin E (95) in 50% yield. Thus, it is clear that marchantin E (95) which has been reported as natural product [6] is artifact. Farnesoid X receptor (FXR) controls the expression of critical genes in bile acid and cholesterol homeostasis. FXR is an attractive pharmacological target for the treatment of hyperlipidemia. We identified marchantin A (93) and E (95) as a FXR agonist [37] . Marchantins indicate not only muscle relaxing [16] but also potent NO production inhibitory activity [38] . 2) New Zealand liverworts: Many endemic liverwort species grow in New Zealand (NZ). About 225 species have been recorded in the book "The liverworts of New Zealand" written by Allison and Child [39] . They reported that Plagiochila species have a sour acrid smell which is quite distinctive and found in no other of their liverwort, and a number of Lophocolea (and perhaps of Clasmatocolea) have a strong sweet fragrance which has been compared with the smell of liquorice. We have been interested not only in their aroma but also the pungent and bitter constituents of NZ liverworts. Since 1982 [40] , we reported the distribution of a number of new sesquiand diterpenoids and naphthalens, alkylphenols and bis-bibenzyls in NZ liverworts, Balantiopsis, Chiloscyphus, Lepidolaena, Monoclea, Plagiochila, Porella, Radula, Schistochila, Trichocolea, and Wettsteinia species [6] [7] [8] 40] . Recently, Balantiopsis [41] , Chiloscyphus [42] , Frullania [43] [44] [45] [46] , Jamesoniella [41] , Jungermannia [47, 48] , Lepidozia [49] , Radula [41, 50] , Plagiochila [51] , Schistochila [52] , Trichocolea [53] and Tylimanthus [54] species were chemically analyzed. The following is the chemical constituents of selected liverworts endemic to NZ. The former two compounds have been found in Isotachis japonica belonging to the Isotachidaceae (see later) [6] . Reinvestigation of the same species resulted in the isolation of prebibenzyls (99-101) and their dimeric compounds (102, 103) , however, neither cinnamate nor trans-thiomethyl acrylates were found in the species [41] . Thus, there are at least two chemo-types of this species in NZ.
Chemical reaction of marchantin A (93) and marchantin D (94): Marchantin
Balantiopsis rosea (Balantiopsidaceae):
Dendromastigophora flagelifera (Mastigophoraceae):
We reported that Mastigophora diclados growing in Borneo produced herbertane and its dimeric sesquiterpenoids (104-107) and this species was chemically quite similar to the Herbertus (Herbertaceae) [6, 8] . [39] . At present, 30 species of this genus have chemically been analyzed [4, [6] [7] [8] . Some species, such as F. tamarisci subsp tamarisci and F. dilatata cause a potent allergenic contact dermatitis which was due to eudesmane-and eremophilane-type sesquiterpene with an α-methylene γ-lactone moiety [4, 6] . Frullania have been divided into at least eight chemo types, 1) sesquiterpene lactone plus bibenzyls, 2) Sesquiterpene lactones, 3) bibenzyls, 4) monoterpenoids, 5) cyclocolorenone, 6) labdane diterpernoids, 7) triterpenoids, 8) 2-methyl alkanone and others [43] . F. falciloba is distributed throughout NZ and Australia. The NZ specimen has been studied chemically and α-bazzanene (115), cyclocolorenone (118) and a bibenzyl (119) and a phthalide derivative (120) have been isolated [40] . Further chemical analysis of the same species in the different locality of southern island from the former specimen, furnished two new bazzanane sesquiterpenoids (116, 117) [44] , however, neither bibenzyl nor phthalide was found in the present species. Hymenophyton frabellatum (Hymenophytaceae) Hymenophytaceae contains two genera, Hymenophyton and Podomitrium. The former species produce pungent substances. We focused on the hot-tasting compound and isolated 1-(2,4,6trimethoxyphenyl)but-2-en-1-one (133) [8] was responsible for the pungency of the species. Further fractionation of the same ether extract furnished five new related compounds (134-141). Such butenones and α-pyrone derivatives have not yet been isolated from or detected in any other liverworts. Thus these components are significant chemical markers of the Hymenophyton. It is interesting to note that phenybutenone (133) found in the liverwort has been isolated from the Japanese fern Arachinoides standishii [55] .
Isotachis lyallii (Isotachidaceae):
The Isotachis is a small genus of pretty liverworts which are often colored in pink, yellow and red. The genus is mostly found in the southern hemisphere except for the presence of Isotachis japonica in southern Japan. The chemical constituents of Isotachis are very characteristic since they elaborate benzyl cinnamate and benzoate, and phenyl and β-phenylethyl cinnamates. Especially, I. japonica produces naturally rare benzyl and β-phenethyl transmethylthioacrylates (96, 98) as mentioned earlier [8] . [6] and the latter does three known kaurenes (143-145) and two isopimarane diterpenoids (146, 147) [40] .
Paraschistochila pinnatifolia (Schistochilaceae):
The species is distributed throughout New Zealand and Tasmania. The species is newly analyzed chemically and sacculatane type diterpenoids (148, 149) which have been found in the Japanese Porella perrottetiana (Porellaceae) [4, 6] were isolated along with two kaurene diterpenoids (150, 151). Chemically, P. pinnatifolia has no similarity to Schistochila species so far investigated. 
Radula marginata and unknown Radula species (Radulaceae):
There are at least 70 species of Radula in the world. All of the species are epiphytes. In N Z, five species are well known. Radula species are chemically quite distinct from the other liverworts, because they elaborate the typical prenyl bibenzyl and its related compounds which are the most important endogenous character of the Radula mentioned earlier [6, 8] . R. marginata produced bibenzyl (78, 158) and a rare natural product, bibenzyl cannabinoid, perrotetinene (77) which has been firstly isolated from the Japanese R. perrottetii [6, 8] and its carboxylic acid (159) [50] . An additional unknown Radula species also contained a new farnesylbibenzyl (160) [41] . 
Schistochila glaucescens (Schistochilaceae):
The Schitochila genus is one of the most elegant and distinctive stem-leafy liverworts. There are ten species in NZ [39] among which the chemical constituents of S. appendiculata, S. nobilis and S. glaucescens have been investigated [8] . From S. glaucescens three macrocyclic bis-bibenzyls, neomarchantin A (161) and B (162) have been isolated [6] . Further investigation of this species gave marchantin C (84) and two neomarchantin A bis-bibenzyls (163) and (164) coupled with a sesquiterpenoid [52, 56] . At present more than 60 macrocyclic bis-bibenzyls have been isolated from the liverworts [35] , however, bis-bibenzyls with In conclusion, the liverworts are very tiny plant group, but they biosynthesize many types of terpenoids and aromatic compounds.
Several skeletons of the isolated compounds have not yet been found in the other organisms. Furthermore the distribution of nitrogen-containing compounds is very poor in the liverworts. As mentioned earlier, most of sesqui-and diterpenoids found in liverworts are the enantiomers of those found in higher plants. The newly isolated chamigrane, eudesmane, germacrane and herbertane sesquiterpenoids and pimarane and verticillane diterpenoids also showed the same phenomenon.
We started to study secondary metabolites of liverworts since almost 35 years, but only 5% of the total liverworts have been chemically investigated. Now we focus on the liverworts growing in Argentina [57, 58] , Madagascar [59] [60] [61] [62] [63] [64] and east Africa to study their chemical constituents. Further investigation of these plants species will promise us to obtain further pharmacologically and chemosystematically interesting compounds.
Experimental
Each liverwort colleted in Japan and NZ was dried and mechanically ground, followed by extraction with diethyl ether for a week. A small amount of each crude extract was filtered on Pasteur pipette packed with Celite and solvent evaporated. The green crude extract was analyzed by TLC (silica gel: Merck GF254, 0.25 mm, CN: Merck F254 s, 0.2 mm, or RP-18: Merck F254 s, 0.25mm]) and GC/MS (HEWLETT-PACKARD, HP-5971A and HP-5972A) using BD-17 capillary column (0.25mm x 30m, 0.25mm thickness). Oven temperature: 50-250 o C temperature programmed at 5 o C/min. Injection temperature: 250 o C. Carrier gas: He at 1ml/min. The spots on TLC was confirmed by spraying Godin reagent and heated at 100-110 o C. The remaining extract was chromatographed on silica gel (Merck, Kiesel gel 60, 35-70 mesh, 70-230 mesh or 230-400 mesh)using n-hexane-ethyl acetate gradient and on Sephadex LH-20 (Pharmacia Fine Chemicals) using methanol and chloroform (1:1) as the solvent. Each fraction was monitored by TLC and GC/MS. A mixture of each fraction obtained from each column chromatography was purified by HPLC using NUCLEOSIL 50-5, 7.5 x 250 mm or COSMOSIL 5C18-AR 10 x 250mm) or middle pressure column chromatography using Merck Lobor (25 x 310 mm) LiChroprep Si60 (40-630mμ) or CN (40-63mμ) . and the structures of the isolated compounds were characterized by spectroscopic method Varian Unity-600, 600 MHz for 1 H NMR and 150 MHz for 13 C NMR) and X-ray crystallographic analysis. The stereostructures of the newly isolated compounds (3, 11, 54, 73, 74, 79, 102, 103, 121, 124, 132, 134-142) from each species will be reported elsewhere in detail.
